Angioimmunoblastic T-cell lymphoma is immunologically defined by the expression of CD10 and the follicular helper T cell (T FH ) markers such as CXCL13, programmed death-1 (PD-1) and inducible T-cell costimulator (ICOS). This T FH profile has been mainly reported by immunohistochemistry. Here, using multiparametric flow cytometry, the relevance of ICOS and PD-1 to angioimmunoblastic T-cell lymphoma diagnosis was evaluated in lymph node (n ¼ 15) as well as in peripheral blood (n ¼ 13) among a series of 28 angioimmunoblastic T-cell lymphoma cases, in addition to the CD10 expression (available in 26 lymph node and 15 peripheral blood specimens). In this series, CD10 expression was present in 23/26 (88%) lymph node and in 12/15 (80%) peripheral blood cases and ICOS in 13/15 (87%) lymph node and in 6/13 (47%) peripheral blood cases, whereas neither significant CD10 nor ICOS T cells were identified in the control group (lymph nodes with reactive hyperplasia ¼ 10, peripheral blood of healthy donors ¼ 15). PD-1 expression was less informative as observed in both angioimmunoblastic T-cell lymphoma and control cases. The multiparametric approach allowed us to confirm the frequent blood dissemination in angioimmunoblastic T-cell lymphoma and to show that circulating neoplastic T cells correspond more often to a CD10-positive subset than to an ICOS-positive subset. Consequently, if ICOS constitutes an additional feature for the diagnosis of angioimmunoblastic T-cell lymphoma, it appears less sensitive than CD10 expression for the detection of circulating neoplastic T cells.
Angioimmunoblastic T-cell lymphoma is a rare entity accounting for B2% of all non-Hodgkin's lymphomas, but it represents one of the most frequent entities (15-20%) among peripheral T-cell lymphoma [1] [2] [3] and is characterized in most cases by an aggressive behavior. 4 The diagnosis can be difficult based on morphological criteria alone, as the morphology can overlap with a variety of reactive and neoplastic disorders such as autoimmune diseases, reactive hyperplasia and sometimes large B-cell lymphoma. Therefore, the definitive diagnosis requires additional immunologic and molecular data. The CD10 expression by neoplastic T cells observed in 80-90% of angioimmunoblastic T-cell lymphoma cases currently represents a specific diagnostic marker that has been demonstrated in several studies using immunohistochemistry as well as flow cytometry. [4] [5] [6] [7] [8] [9] The gene expression profiling analysis has demonstrated the cellular derivation of angioimmunoblastic T-cell lymphoma from follicular helper T cells (T FH cells), 10, 11 that was initially suspected on the expression of T FH markers by immunohistochemistry, particularly the expression of the cytoplasmic CXCL13 chemokine. 12, 13 Then, additional T FH markers, including the cell surface molecules CXCR5, the programmed death-1 (PD-1), cytoplasmic SAP (SLAM-associated protein) and the transcription factor BCL6, have been reported as angioimmunoblastic T-cell lymphoma markers by immunohistochemistry. 9, [14] [15] [16] More recently, the inducible T-cell costimulator (ICOS) protein has been proposed to be suitable for identifying T FH cells and to be perhaps superior to PD-1 for angioimmunoblastic T-cell lymphoma diagnosis. 17 Among T-cell lymphomas, ICOS expression analyzed by immunohistochemistry was indeed observed in angioimmunoblastic T-cell lymphoma (85/86 cases), and in the follicular variant of peripheral T-cell lymphoma, not otherwise specified (18/18 cases), a recently described variant of peripheral T-cell lymphoma showing phenotypic features in common with angioimmunoblastic T-cell lymphoma. 16, 17 ICOS was also expressed by some peripheral T-cell lymphomas, not otherwise specified, showing a T FH -like profile (24/56). 17 Thus, ICOS appears rather as a diagnostic marker of T FH -derived lymphomas that encompass angioimmunoblastic T-cell lymphomas and peripheral T-cell lymphomas, not otherwise specified, with some angioimmunoblastic T-cell lymphoma features. Interestingly, circulating ICOS-positive T cells were identified in two angioimmunoblastic T-cell lymphoma cases. 17 The peripheral blood dissemination is a common feature in angioimmunoblastic T-cell lymphoma, 7, 18, 19 and we and others demonstrated that the detection of circulating CD10-positive T cells by flow, whatever be the percentage of CD10-positive cells in lymph node and the lymphocyte count, is relevant for angioimmunoblastic T-cell lymphoma diagnosis. 7, 19 However, CD10 expression by T cells may be lacking or too faint to allow a firm diagnosis, which justifies the use of additional markers. CXCL13 and BCL6 represent useful and robust angioimmunoblastic T-cell lymphoma markers by immunohistochemistry, 12,13 but they are not routinely available by flow cytometry in contrast to PD-1 and ICOS.
Here, we evaluate the relevance of the T FH markers ICOS and PD-1 to angioimmunoblastic T-cell lymphoma diagnosis in peripheral blood as well as in lymph node using multiparametric flow cytometry analysis, and in particular their usefulness for diagnosis improvement.
Materials and methods

Samples
A total of 28 angioimmunoblastic T-cell lymphoma cases were selected from the files of the hematology laboratory between 1996 and 2010. In all cases, angioimmunoblastic T-cell lymphoma diagnosis was histologically made by experienced hematopathologist (FB, ATG) on lymph node sections according to the WHO criteria. 2 Among these 28 cases, 12 cases have been previously reported ( Table 1 , cases 1-12). 7 In addition to the immunological markers routinely used in T-cell lymphoma diagnosis, the expression of ICOS and PD-1 was evaluated by flow cytometry in 15 lymph nodes and 13 peripheral blood samples. These cases have been cryoconserved in fetal calf serum (FCS; Vysis, Voisins le Bretonneux, France) with 10% dimethyl sulfoxide (DMSO; Sigma, St Louis, MO, USA) in liquid nitrogen until use.
Lymph nodes with reactive hyperplasia (n ¼ 10) and peripheral blood from healthy donors (n ¼ 15) were used as control groups.
The immunohistochemistry staining has been previously described. 7 
Flow Cytometry
Fresh or thawed lymph node suspensions and peripheral blood samples were analyzed using an eight-color multiparametric staining in particular the T FH markers ICOS and PD-1. The eight antibodies used were as follows: CD57-FITC (clone NC1; Becton Dickinson, San Jose, CA, USA), ICOS-PE (CD278; clone ISA-3; eBioscience, Paris, France), CD279-PC7 (clone PD-1; Beckman-Coulter, Hialeah, FL, USA), CD10-APC (HI10a; Becton Dickinson), CD3-APC-Cy7 (clone SK7; Becton Dickinson), CD5-PercP-Cy5.5 (clone L17F12; Becton Dickinson), CD4-Pacific-blue (clone RPA-T4; Becton Dickinson) and CD8-AmCyan (clone SK1; Becton Dickinson). The other T and B-cell markers were realized at the time of diagnosis in all lymph node and peripheral blood cases. Methods for immunophenotype analysis by multiparametric flow cytometer have been previously reported. 7 The flow data were acquired on a BD FACSCanto II cytometer, which was daily calibrated with BD Cytometer Setup and Tracking Beads, and were analyzed with BD FACS DIVA software (all from Becton Dickinson). Fresh blood samples were lyzed using BD FACS (lyse/Wash assistant; Becton Dickinson). As previously defined, 7 a CD10 expression by the CD4-positive or CD5-positive T cells Z5% of CD4-positive or CD5-positive T cells was considered as positive. The ICOS and PD-1 expression by T cells was evaluated by different methods. As only a subset of T cells expressed ICOS, 17 and in accordance with our previous data, upon CD10 expression, 7 ICOS was considered as positive when expressed by at least 5% of CD4-positive cells presumed as neoplastic T cells. PD-1 expression by T cells is common and a threshold of 20%, usually used in flow cytometry, was chosen. The fluorescence level of each parameter was also measured in arbitrary units such as the mean fluorescence intensity (MFI) and the ratio of fluorescence intensity (RFI) corresponding to the MFI of neoplastic T cells normalized to the MFI of the residual T cells. 
Molecular Study
DNA was extracted from tissue or cell suspensions using High Pure PCR Template Preparation Kit (Roche, Mannheim, Germany). T-cell receptor g-chain gene rearrangements were studied using a GC-clamp multiplex PCR-g-DGGE procedure as previously described 20 and the immunoglobulin (Ig) gene rearrangements by multiplex PCR using consensus primers from European BIOMED-2 concerted action. 21 
Results
Clinical and Biological Data
The patients (15 men and 13 women) ranged in age from 40 to 91 years (median 62 years). All patients presented with generalized lymphadenopathy and the detailed clinical data summarized in Table 1 are in keeping with previous large series of angioimmunoblastic T-cell lymphomas. 4 Laboratory investigations showed anemia in most cases (24/28 (86%)). Hypergammaglobulinemia was present in 13 cases (59%), hypogammaglobulinemia in 6 cases (27%) and 3 cases presented a normal immunoglobulin profile (14%). In four cases (one case with hypogammaglobulinemia and three with hypergammaglobulinemia), a monoclonal component was found in the serum. At the time of lymph node biopsy, seven cases showed a normal value of lymphocytes (mean 1.34 Â 10 9 /l (range 1.10-3.37)). A lymphopenia (lymphocyte o1.00 Â 10 9 /l) was present in 21 of 28 cases (68%), concerning more particularly B-cell lymphopenia (mean ¼ 0.05 Â 10 9 /l (range 0.01-1.14)). Hypereosinophilia, 40.50 Â 10 9 /l, was observed in three cases only. The bone marrow (biopsy and smears) was infiltrated by lymphoma in 12 of the 14 available cases (9 of them studied simultaneously in peripheral blood). In all available cases but one, cytological analysis of peripheral blood smears showed atypical lymphoid cells.
In the 25 available lymph node cases, 22 cases presented a monoclonal rearrangement of T-cell receptor by PCR. In the six cases that were studied simultaneously in peripheral blood and lymph nodes, an identical T-cell receptor gene rearrangement was found. Of the 15 available lymph node samples, 6 also showed a minor B-cell clone.
Follow-up was available in 19 cases with a median of 22 months (range 5-133 months): 11 patients were still alive at the end of the study and 8 patients died of the disease. A relapse occurred in 15 of the 19 cases with a median of 6 months (range 1-84 months) after the diagnosis.
Immunological Data
Immunological profile of the neoplastic T cells In this series, all presumed neoplastic T cells were CD4 positive, except one case that showed a CD4/ Pos ( TCR and BCR data: +, monoclonal; À, polyclonal; NA, not available. Cases 1-12 were previously described.
13
CD8 double-negative phenotype. In 8 cases studied in lymph node and peripheral blood (8/28 (28%)), neoplastic T cells were recognized thanks to a complete loss of surface CD3 antigen (while expressing cytoplasmic CD3 antigen). In all nodal samples, pan-T-cell markers CD7, CD5 and CD2 were always positive but with a lower expression than in residual T cells in only 6, 1 and 1 cases, respectively (Table  1) . Two cases showed an increased CD2 expression. In all peripheral blood samples but one, malignant T cells showed the same immunological pattern than in lymph node samples. In this last case, the CD7 expression was weaker in peripheral blood than in lymph node sample. In addition, in all angioimmunoblastic T-cell lymphoma cases analyzed in lymph node suspension as well as in peripheral blood, neoplastic T cells were CD57 and CD25 negative and CD45RO positive. In summary, 13 of the 28 cases showed an abnormal T-cell phenotype. Among lymph node samples, CD2 and CD5 were the less commonly downregulated antigens (n ¼ 1), and the other pan-T antigens were aberrantly lacking (CD3, n ¼ 8) or diminished (CD3, n ¼ 1; CD7, n ¼ 6) or increased (CD2, n ¼ 2). The immunological pattern was identical in all corresponding peripheral blood samples but one.
CD10 Expression
As previously demonstrated, 7 most cases analyzed by flow cytometry in lymph node suspension showed a fraction of T cells that coexpressed CD10 (23/26 (88%); Table 1 ). A good correlation between flow and immunohistochemistry was found again, as only one case (case no. 28) was discordant (CD10 negative by flow and dimly positive by immunohistochemistry). Among all lymph node cases, 15 could also be studied in peripheral blood, and circulating CD10-positive T cells were observed in 12/15 cases (80%). Among the three CD10-negative cases in peripheral blood, one case was CD10 positive in lymph node, but only a small fraction of CD4 T cells expressed CD10 (9% by flow and few scattered CD10-positive T cells with no aggregate by immunohistochemistry; case no. 15). In this case, no T-cell clone was identified by PCR in lymph node, whereas a very minor T-cell clone was observed in peripheral blood. The two other cases (case nos. 16 and 18) were also CD10 negative in lymph node (flow cytometry and/or immunohistochemistry). However, the presence of neoplastic T cells in blood was attested by a monoclonal rearrangement of Tcell receptor by PCR (case no. 16) and by atypical immunological T-cell profile (lack of surface CD3; case no. 18). In two extranodal sites (bone marrow and skin nodule), CD10-positive T cells were also identified.
In summary, neoplastic T cells expressed CD10 in 23/26 of lymph nodes (88%), 2/2 of extranodal sites (100%) and 12/15 peripheral blood samples (80%), whereas no significant CD10-positive T cells were identified in the control group (lymph nodes, n ¼ 10 and peripheral blood, n ¼ 15). In addition, the CD10 expression was positive in 14 of the 15 cases with normal T-cell phenotype, which substantiate the involvement by neoplastic T cells.
Expression of the T FH Markers
First, the effect of cryopreservation and thawing on the ICOS and PD-1 expression by T cells was evaluated on several thawed samples (angioimmunoblastic T-cell lymphoma and negative control group) that had been cryopreserved for up to 9 years. The ICOS and PD-1 expressions were not modified by cryopreservation and thawing (data not shown).
ICOS and PD-1 expression in lymph node
Of the 15 lymph node suspensions, 13 (87%) were ICOS positive using a threshold of 5% of CD4 T cells ( Figure 1 and Table 2 ). In the control group (reactive lymph nodes, n ¼ 10), no CD4-positive T cells expressed ICOS using a cutoff of 5% (range 0-2%). In addition, the median of ICOS MFI in angioimmunoblastic T-cell lymphoma-positive cases was 164 (range 86-704), which was statistically higher than the MFI of the reactive lymph nodes (46 (range 29-82); Po0.05; Figure 2a ). In the same way, the ratio of ICOS MFI was also informative, as this ratio was 3.15 (range 1.19-6.82) in angioimmunoblastic T-cell lymphoma cases, whereas it was 1.14 (range 0.70-2.20) in reactive lymph nodes (Po0.05; Figure 2b) .
Using a cutoff of 20%, 14/15 angioimmunoblastic T-cell lymphoma cases (93%) were PD-1 positive (median of MFI ¼ 7059 (range 3857-28 942), ratio ¼ 2.58 (range 1.33-6.28); Figure 1 ), whereas 6/ 10 (60%) cases were PD-1 positive in reactive hyperplasia (median of MFI ¼ 1853 (range 968-6847], ratio ¼ 1.92 (range 0.85-2.48)). The PD-1 expression was not significantly different between angioimmunoblastic T-cell lymphoma cases and control group. As the PD-1 expression when expressed as MFI or RFI appears higher in angioimmunoblastic T-cell lymphoma cases than in control cases, a threshold of 40% was tested (data not shown), but this cutoff of 40% was not more informative to discriminate angioimmunoblastic Tcell lymphoma from reactive conditions. The PD-1-negative case was positive for both CD10 and ICOS.
In the lymph node case that was CD10 negative by flow and immunohistochemistry (case no. 18), ICOS was strongly expressed (24%, MFI ¼ 159 and ratio ¼ 3.53) as well as PD-1 (81%, MFI ¼ 5744 and ratio ¼ 1.33). In the present series, no case was negative for both ICOS and CD10.
In 10/15 angioimmunoblastic T-cell lymphoma cases (67%), a subset of neoplastic T cells (45%) that coexpressed CD10/ICOS/PD-1 could be identified (Figure 3a) , whereas no cases of the control group showed this subset of T cells (o5%; (range 0.1-5%)). Interestingly, among the 5/15 lymph node cases without significant CD10/ICOS/PD-1-positive T cells, 2 were positive for both CD10 and ICOS, 2 were only positive for CD10 and 1 was only positive for ICOS. In this last case, an abnormal T-cell profile was observed as well as a monoclonal rearrangement of T-cell receptor by PCR that confirmed the presence of neoplastic T cells. The two cases, which were positive for both CD10 and ICOS but without CD10/ICOS/PD-1 coexpressing T cells, presented an aberrant T-cell profile with lack of surface CD3 expression and/or monoclonal rearrangement of Tcell receptor. all T-cell markers were normally expressed. All three cases were PD-1 positive (420% of CD4 T cells, MFI ¼ 1956, ratio ¼ 1.57).
ICOS and PD-1 expression in peripheral blood
In the 13 peripheral blood cases, 3 cases presented a subset of CD4-positive T cells (45% of CD4 T cells), which coexpressed the three markers CD10/ ICOS/PD-1 (Figure 3b ), whereas no CD4/CD10/ ICOS/PD-1-positive T cells were identified in the control group (0%). In the 10 cases without significant CD10/ICOS/PD-1-positive T cells, 2 were positive for both CD10 and ICOS, 2 were negative for both, 5 were positive for CD10 and negative for ICOS and 1 was negative for CD10 and positive for ICOS.
Eight pairs (lymph node and peripheral blood) were studied at the same time. Only one case was CD10 negative in both lymph node and peripheral blood. In this case, ICOS was positive in lymph node but negative in peripheral blood, whereas circulating neoplastic T cells were confirmed by T-cell clone by PCR and abnormal T-cell profile (lack of surface CD3 expression) by flow cytometry. Of the eight cases, seven (87.5%) were CD10 positive for both lymph node and peripheral blood. Among the 7 CD10-positive lymph node cases, 6/7 (85.7%) were ICOS positive in lymph node, but only 2 of these 6 cases (33%) were ICOS positive in peripheral blood.
Moreover, in cases with neoplastic T cells in particular defined by atypical T-cell profile such as lack of surface CD3, multiparametric flow cytometry allows to identify in lymph node and peripheral blood specimens different subsets of tumoral T cells based on CD10 and ICOS expression: one that coexpressed the two markers (CD10/ICOS), one only the CD10 and one only the ICOS protein. These results suggest that the neoplastic T cells in angioimmunoblastic T-cell lymphoma could be composed of immunologically different cell populations and that the subset of CD10-positive T cells 
Discussion
The diagnosis of angioimmunoblastic T-cell lymphoma by flow cytometry in lymph node or blood relies on the detection of CD10 expression by CD4-positive T cells, with or without an abnormal expression of pan-T-cell markers. The CD10/CD4-positive subset, often minor, may be lacking, or too small to be considered as significant. Thus, the need of additional criteria explains the search of other molecules specifically expressed by T FH cells that angioimmunoblastic T-cell lymphoma derives from.
As previously reported by immunohistochemistry, 16 ,17 the majority of our angioimmunoblastic T-cell lymphoma cases analyzed in lymph node suspensions expressed ICOS protein (13/15 (87%)), in contrast to the reactive lymph nodes (0/10), which confirms its relevance to angioimmunoblastic T-cell lymphoma diagnosis, or broader to peripheral T-cell lymphoma with a T FH -like profile. In our lymph node series, the frequency of CD10 and ICOS expression was quite similar (88 and 83%, respectively). PD-1 expression by flow cannot be used alone as a marker of malignancy as it was expressed not only in the majority of angioimmunoblastic T-cell lymphoma cases (14/15 (93%)), but also in reactive hyperplasia (6/10 (60%)). Other studies have shown similar results and, furthermore, PD-1 has been identified in other T-cell or B-cell lymphomas, pointing that it does not constitute a specific marker for angioimmunoblastic T-cell lymphoma. 15 These results confirmed the superiority of ICOS expression to PD-1 in angioimmunoblastic T-cell lymphoma diagnosis in lymph node and showed its easy detection by flow cytometry. If several angioimmunoblastic T-cell lymphoma cases were ICOS negative, its positivity in CD10-negative case is an interesting feature, leading to propose ICOS as an additional marker in angioimmunoblastic T-cell lymphoma diagnosis by flow that could be included in a multiparametric flow cytometry staining beside CD10. In keeping with our previous data and the literature, 4, 7, 18 the blood dissemination in angioimmunoblastic T-cell lymphoma has been once again proven, as in all cases analyzed, blood smear analysis was very suggestive of circulating neoplastic T cells confirmed by monoclonal rearrangement of T-cell receptor by PCR and/or atypical T-cell phenotype, and more specifically by CD10 expression in most cases (12/15 (80%)). In this peripheral blood series, the ICOS expression by flow appears less frequent than the CD10 expression, as it was observed in 6/13 cases (47%). Nevertheless, its expression appears very specific of angioimmunoblastic T-cell lymphoma (or broader T FH -derived lymphomas) as no circulating ICOS-positive T cells (45% of CD4-positive T cells) were identified in peripheral blood of healthy donors in our series and literature. 7, 17 Interestingly, one case among the three CD10-negative cases was positive for ICOS. As shown in lymph node cases, the PD-1 expression alone was not specific in peripheral blood, as it was expressed by both angioimmunoblastic T-cell lymphoma and control peripheral blood.
The multiparametric flow cytometry methodology with appropriate gating is a very sensitive and specific approach that allows the detection of small cell populations characterized by specific coexpression of markers. This approach has been frequently applied in the detection of minimal residual disease in different hematopoietic diseases. 22, 23 Thus, the use of an eight-color staining including the marker of malignancy (CD10) with markers of the cell origin (T FH markers: PD-1 and ICOS) and pan-T-cell markers CD4/CD8/CD3/CD5 allows to identify a small subset of neoplastic T cells that coexpressed the three markers (CD10/ICOS/PD-1) in 10/15 lymph node cases and 3/13 peripheral blood cases. Interestingly, in one case, despite CD10 negativity (o5% of T cells), a very minor subset (representing 2% of the CD4-positive T cells) that coexpressed the three markers (CD10/ICOS/PD-1) was identified in lymph node (Figure 3a) . The presence of tumoral cells in this last case was confirmed by the detection of monoclonal rearrangement of T-cell receptor by PCR and an abnormal T-cell phenotype. These findings suggest that the significant level of tumoral cells may be decreased below 5% when at least ICOS and CD10 are coexpressed by T cells. Furthermore, in our lymph node series, when the presence of neoplastic T cells was demonstrated by an atypical T-cell profile such as lack of surface CD3, this sensitive approach suggests that neoplastic T cells could be composed of distinct immunological subsets: CD10 positive, ICOS positive, CD10/ICOS positive and CD10/ICOS negative. In addition, among the six ICOS/CD10-positive lymph node cases, only two cases were ICOS/CD10 positive in peripheral blood. The four other cases were CD10 positive but ICOS negative. In the same way, the case that was CD10 negative in lymph node and peripheral blood was ICOS positive in lymph node but ICOS negative in peripheral blood, although circulating neoplastic T cells were confirmed by monoclonal T cells by PCR and atypical phenotype of T cell (lack of surface CD3). These results highlight that the circulating population of neoplastic T cells consists more frequently in the CD10-positive subset than in the ICOS-positive subset and emphasize that if ICOS could be a suitable angioimmunoblastic T-cell lymphoma marker in lymph node by immunohistochemistry and flow, it appears less contributive to detect circulating neoplastic T cells when used alone and must be integrated in a multiparametric staining. The true usefulness for PD-1 in the multiparametric approach could be questioned, as the relevance of the coexpression of CD10/ICOS with an appropriate gating appears similar to this of CD10/ICOS/PD-1 in all cases but one (case no. 18).
Finally, the T FH cells are believed to positively regulate B-cell differentiation and humoral immune responses during the germinal center reaction. This primary function results in increased levels of CD40L, ICOS and IL-10 (see refs. 24 and 25) , and a high expression of ICOS probably defines the T FH cells able to induce immunoglobulin secretion by B cells. 26, 27 Thus, ICOS expression could contribute to the pathogenesis of angioimmunoblastic T-cell lymphoma, and in particular to hypergammaglobulinemia. However, in our series, no relationship between ICOS expression and clinical presentation was observed; in particular, cases without ICOS expression did not present uncommon features. However, this observation needs to be confirmed in larger series.
In conclusion, the detection of ICOS-positive T cells in lymph node suspension as well as in peripheral blood constitutes an additional feature for the diagnosis of angioimmunoblastic T-cell lymphoma. However, in peripheral blood, ICOS expression alone appears less sensitive than CD10 expression for the detection of circulating neoplastic T cells. These preliminary results substantiate the multiparametric flow analysis with appropriate gating and at least the two markers, CD10/ICOS, as a powerful approach for the identification of neoplastic T cells in lymph node as well as in peripheral blood that could be very contributive to angioimmunoblastic T-cell lymphoma diagnosis in association with clinical and morphological data.
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